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© A method and an apparatus for monitoring the noise figure of the optical amplifier, capable of reducing the 
size and the cost of the apparatus and simplifying the calculations required in the method, while improving the 
accuracy of the obtained noise figure.' The noise figure can be calculated by approximating the optical' power of 
the ASE light generated by'the optical amplifier (31a) at an output side of a linear repeater (30) in a vicinity of 
the wavelength of the input signal light by 'the optical power of the ASE (Amplified Spontaneous Emission) light 
generated by the optical amplifier in a vicinity of a central transmission wavelength displaced from the 
wavelength of the input signal light. The approximated noise figure can be calculated as a linear function of the 
gain of the Optical amplifier and the optical power of the ASE light generated at the optical amplifier (31a) such 
that the calculation of the approximated noise figure only involves the arithmetic calculations that can be 
executed by an analog processing circuit. ■ . i. • 
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BACKGROUND OF THE INVENTION , r , 

Field oUhe lnv ntion - ,. , - , • • • ••• .. „,. .,.1. -.. 

The prespnt ipyegton ; rejates ,tp a , method,, ^rad an. apparatus for monitoring the noise figure of the 
optical amplifier such as .that used in linear, repeaters- in an optical transmission system formed by cascad d 
linear repeaters. ,.. ...,•:■<., .. A arf ... ... . .. . ,.. . . ,. 

Description of the Background Art , . : ; . >i 

A conventional , linear repeater typically, has a configuration as shown in Fig. 1A-for a single stage 
_ amplification, or accwfiguration as 'shown in Fig. lB..for t ;aiwoTStage..«mplification. < ■» •,. 

In the configuration (Of Fig. ,1A, the linear .repeater ,30a comprises: -anoptical amplifier 31a formed by a 
rare earth doped optical fiber amplifier or a semiconductor laser lamplifier for receiving and amplifying a 
signal light with a wavelength Xs; and a narrow bandwidth optical filter 32 with a central transmission 
wavelength \c,r equal to the wavelength Xs of the entered signal light. ,fq< removing amplified spontaneous 
emission (ASE) light generated at the optical amplifier- 31 a In the. configuration of Fig. IB. the. configuration 
of Fig. 1A is further equipped with an additional optical amplifier 31b. similar to the optical amplifier 31a, 
which is provided on an output side of the narrow bandwidth optical filter 32. 

A conventional optical transmission system formed by cascaded linear repeaters typically has a 
configuration as shown in Fig. 2, in which the signal light outputted from the;optical sender ,41 is transmitted 
through a first optical fiber transmission line 42e at which the signal light is attenuated at a loss U, and 
entered into a first linear repeater 30, at which the signal light is amplified at a gain G, and then outputted 
to a next optical fiber transmission line 42, , and so on. Eventually, the transmitted signal light is received by 
an optical receiver 43 from the n-th linear repeater 30„ through the n-th optical fiber transmission line 42 n . 

In this configuration of Fig. 2, each of the second and subsequent linear repeaters 302 to 30„ amplifi s 
the. ASE light propagated within the transmission bandwidth of the preceding narrow bandwidth optical 
filters as well. such, that the optical intensity of the ASE light is sequentially accumulated. In. the following, 
the ASE light generated at, each linear, repeater will be referred as the, generated ASE light. whHe the ASE 
light, entering into each linear repeater along, with, the. signal light wilUbe; referred as the propagating ASF- 
light, in order to, distinguish them from each other. , ..... 

A conventional noise figure monitoring apparatus/for a linear, repeater has a configuration as shown in 
Fig. 3, which generally .comprises a gain detector 50 and an ASE optical power detector 60, ix>th- of which 
are connected with input and output sides of a linear repeater 30 such as that shown in Fig. 1A or Fig. 1B. 

The gain detector 50 comprises: splitters 51a and 52a. for ■ splitting. the lights entering into the linear 
repeater 30; an optical receiver 53a for detecting an optical power P Siin of the lights split by the splitter 52a; 
splitters 51b and 52b for splitting the lights outputted from the linear repeater 30; and an optical receiver 
53b for detecting an optical power P StOUl of the lights split by the splitter 52b. 

An input side of the ASE optical power detector 60 comprises: the splitters 51a and 52a which are 
shared with the gain , detector .50; a signal light polarization detector 61a for detecting a polarization state of 
the signal light split by the splitter 52a; a polarization controller 62a for converting the polarization state. of 
the signal light into a linear polarization along a prescribed polarization direction; a driver 63a for setting the 
polarization direction for the signal light to be linearly polarized at the. polarization controller 62a; a polariz r 
64a for removing the linearly polarized signal light from an output of the polarization controller 62a; a narrow 
bandwidth optical filter 65a for extracting the ASE light from the output of the polarizer 64a; and an optical 
receiver 66a for detecting an optical power P ASE ., n of the ASE light extracted at the narrow bandwidth optical 
filter 65a. 

Similarly,. the output side of the ASE optical power detector 60 comprises: the splitters 51 band 52b 
which are shared with .the gain detector 50; signal light polarization detector 61b for detecting a polarization 
state of the signal light split by the , splitter i52b; a polarization controller 62b for converting the polarization 
state of the signal light into a linear polarization along a prescribed polarization direction; a driver 63b. for 
setting the polarization direction, for the signal light to be linearly polarized, at the polarization controller 62b; 
a polarizer 64b for removing the linearly polarized signal light from an.output of the polarization controller 
62b; a narrow bandwidth optical filter 65b for extracting the ASE light from the output of the polarizer 64b; 
and . an optical receiver 66b for detecting an , optical , power P A se,oui of the ASE light extracted at the ; narrow 
bandwidth optical filter 65b, • , A: 

Here, the outputs, of the polarizers, 64a and 64b ar th ASEJights having no specific polarization 
direction and the optical, power reduced in half. Also, the central transmission wavelength Xc.o us d in the 
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narrow bandwidth optical filters 65a and 65b is set equal to the wavelength Xs of the input signal light. 

The spectra of the signal light and the propagating ASE light at the point A on an input side of the 
splitter 51a in the configuration of Fig. 3 appear as shown in Fig. 4A, in which the propagating ASE light is 
confined within the transmission bandwidth of a narrow bandwidth optical filter of an immediately preceding 

5 linear repeater. The splitter 51a splits a small fraction of such entering lights while transmitting a majority of 
the entering lights to the linear repeater 30. The linear repeater 30 limits the bandwidth of the generated 
ASE light by a narrow bandwidth optical filter 32 provided therein to remove the generated ASE light 
- outside of this transmission bandwidth. Here, the central transmission wavelength of the narrow bandwidth 
optical filter 32 is set equal to the wavelength Xs of the entering signal light, so that the amplified signal light 

;o and propagating ASE light are transmitted through the linear repeater 30. 

In a case the linear repeater 30 is of a single amplification type shown in Fig. 1A, the output of the 
linear repeater 30 contains the signal light and the propagating ASE light and generated ASE light which are 
within the transmission bandwidth of the narrow bandwidth optical filter 32 provided therein. In a case the 
linear repeater 30 is of a two-stage amplification type shown in Fig. 1B, the output of the linear repeater 30 

75 is the output of the single amplification type linear repeater further amplified by the additional optical 
amplifier 31b. 

The spectra of; the signal light, the propagating ASE light, and the generated ASE light at the point D on 
an input side of the splitter 51b in the configuration of Fig. 3 appear as shown in Fig. 4B. The splitter 51b 
splits a small fraction of such entering lights while transmitting a majority of the entering lights to the optical 

20 fiber transmission line. 

The lights split at the splitter 51a are further split into two at the splitter 52a and one of the split lights is 
received at the optical receiver 53a. The optical power of the received light at the. optical receiver 53a is 
that of the signal Jight reached, .to,the.opticarreceiyer;53a through the splitters 51a and,52a as can be seen 
in Fig. 4A. Therefore, the input signal optical power P s , )n at an input terminal of the linear repeater 30 can be 

25 obtained by adding the signal light loss from the point A to the optical receiver 53a to the optical power of 
the received light at the optical receiver 53a. 

.... Similarly, the lights split at the splitter 51b are further split into two at the splitter 52b and one of the 
split lights is received, at the, optical .receiver 53b.. The, optical power. of the received light at the optical 
receiver 53b is that of the signal light reached to the optical receiver 53b through the splitters 51b and 52b 

30 as can be seen in Fig. 4B. Therefore, the output signal optical power P SiOU t at an output terminal of the linear 
repeater 30 can be obtained by adding the signal light loss from the point D to the optical receiver 53b to 
the optical power of the received light at the optical receiver 53b. 

On the other hand, the other one of the lights split at the splitter 52a is entered into the signal light 
polarization detector 61a at which the polarization state of the signal light is detected, and then entered into 

35 the polarization controller 62a at which it is converted into the linearly polarized light, along the polarization 
direction set by the driver 63a which is to be removed by the polarizer 64a. Then, at the polarizer 64a, the 
signal light is almost completely removed, while the optical power of the propagating ASE light having no 
specific polarization direction is reduced in half. Then, at the narrow bandwidth optical filter 65a, the output 
of the polarizer 64a within the transmission bandwidth Av is extracted, and received by the optical receiver 

40 66a. The optical power of the received light at the optical receiver 66a is that of the propagating ASE light 
transmitted through the splitter 51a to the narrow bandwidth optical filter 65a. Consequently, the propagating 
ASE optical power P A sE.in at the input terminal of the linear repeater 30 can be obtained by adding the 
transmission loss from the point A to the optical receiver 66a to the optical power of the received light at the 
optical receiver 66a. 

45 Similarly, the other one of the lights split at the splitter 52b is entered into the signal light polarization 
detector 61b at which the polarization state of the signal light is detected, and then entered into the 
polarization controller 62b at which it is converted into the linearly polarized light, along the polarization 
direction set by the driver 63b which is to be removed by the polarizer 64b. Then, at the polarizer 64b, the 
signal light is almost completely removed, while the optical power of the propagating ASE light having no 

so specific polarization direction is reduced in half. Then, at the narrow bandwidth optical filter 65b, the output 

r- ; v of the polarizer 64b within the transmission; bandwidth Ax is extracted, and received by the optical receiver 
66b. The sp ctra of the signal light, the propagating ASE light, and. the generated ASE light at the point E 
on an input side of the optical receiver 66b in the configuration of Fig. 3 appear as shown in Fig. 4C, such 
that the optical power of the received light at the optical receiver 66b is that of the propagating ASE light 

55 and. the generated ASE light reached to the. optical receiver 66b through the splitter 51b to the narrow 
bandwidth optical filter 65b. Consequently, a total ASE optical power P A sE.tot at • Jhe output terminal of the 
linear repeater 30 can be obtained by adding, the transmission loss from the point D to the optical receiver 
66p, to the optical power of the received light at the optical receiver 66b. . ; 



4 



EP 0 594 T78 A1 



Here, for the sake of the simplicity, the signal. light xcess loss due to the other optical components 
such as the splitters provided on the transmission I 'lin or the optical isolators omitted in Fig. 3 is assum d 
to be zero. j. ,. . 

Now, the noise figure F of the tin ar repeater 30can be expressed by-the following equation (1): 

5 : " v 

F = P AS E/(h*«"A«-.G) + 1/G , 

where h is the Planck constant, v is an average frequency of the ASE light, G is a gain of the linear repeater 
30, and Pase is the optical power of the generated ASE light within the bandwidth A» which is generated by 

io the linear repeater ;30. ; ito. «.<•.•.• .• •* ■<■::"■.".:■; •-. .• sixh..!-. •. • •;. : ; n;, ... •.• > • 

Here,, the gain'G 6f;the linear repeater 30 can. be obtained from the input signal optical power P a ,\„ at 
the input terminal, of the linear repeater 30 that can be determined from the optical power of the received 
light/at the optical 1 receiver 53a, and -.the; cutput^signal - optical.-power iPs at :th©; output terminal =of the linear 
repeater 30 that can be determined , from the optical power of the received light at the optical receiver 53b, 

rs according to the following equation (2). 

G = P s .out/Ps.in (2) 

Also, the generated ASE optical power P ASE can be expressed in terms of the propagating ASE optical 
20 power PASE. P rop within the bandwidth A* at the output terminal of the linear repeater 30 and the total ASE 
optical power Pase.ioi within the bandwidth Av at the output terminal of the linear repeater 30 that can be 
determined from the optical power of the received light at the optical receiver 66b, by the following equation 
(3). ; - — 

25 Pase = PASE.tot - Pase.ptop (3) 

Here, the propagating ASE optical power PAse.prop within the bandwidth A* at the output terminal of the 
linear repeater 30 cannot be detected by itself, but it can be obtained from the gain G of the linear repeater 
30 and the propagating ASE optical power P ASE in within the bandwidth A* at the input terminal of the linear 
30 repeaterJ30 that can be determined from; the (Optical power of the received light at the optical receiver 66a, 
according -to the following equation (4). , .<•>.■ -j. ,. ; o- !.-. :.. ,<■■■■:■. n ,-vit 

PASE.prop = G • PASE.in (4) 

35 Thus, by substituting the propagating ASE optical power Pase.ptop obtained from this equation (4) into 
the above equation (3), the generated ASE optical power Pase of the linear repeater 30 can be calculat d, 
and by substituting the gain G and the generated ASE optical power. P A se obtained from: the above 
equations (2) and (3) into the above equation (1), the noise figure F of the linear repeater 30 can be 
calculated. :•).■- 

40 In other words, the conventional noise figure monitoring apparatus has a configuration in which the input 
signal (optical power P 8i ^. the outputsignal optical power P5, oul , the propagating ASE optical power Pase,^, 
and the total ASE optical power PASE,tot are measured by using the gain detector 50 and the ASE optical 
power detector 60, and the noise figure of the linear, repeater. 30 is calculated from the gain G of the linear 
repeater 30 and the generated ASE optical power Pase determined from these measured quantities. 

45 Consequently, such a conventional noise figure monitoring apparatus requires to provide the gain 
detector 50 and the ASE optical power detector 60 on both of the input side and the output side of the 
linear repeater 30, and this requirement in turn causes the size and the cost of the noise figure monitoring 
apparatus to be considerably large. •■ 

Now, in an optical amplifier called- the erbium doped fiber .amplifier (EDFA) for realizing the. amplification 

50 by pumping the! erbium doped fiber with the laser or others, in general, the majority of the noise energy 
obtained at the output terminal can be considered as due to the beat noise between the shot noise of th 
entered signal light-and the i ASE light. entered! along ;with:the signal light. . . ■ i .< , i 

• An example of a conventional noise figure monitoring apparatus for such an EDFA has a configuration 
as shown in Fig.. 5. In this configuration of Fig. ; 5; an output of a laser diode 91 iof ardistributedsf edback 

55 type which functions as a signal light source is transmitted to the first .stage; optical .amplifier (EDFA) S3 
through a transmission Aiber 92\ , and an output of this first stage optical amplifier 93 is transmitted 'through 
the band-pass optical filter (BPF) 94 and. a transmission .fiber 92gcto a second; stage, optical amplifier 95 
whose noise figure is to be monitored and Whose output is connected to a noise figur measurement 'unit 

5 
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96. 

In this second stage optical amplifier 95, the input terminal is connected with a fiber coupler 98 through 
an optical isolator 97, while the output terminal is connected with the fiber coupler 98 through an erbium 
doped fiber 99. Here, the erbium doped fiber 99 is formed by doping the aluminum compound AI2O3 in 
5 addition to the erbium. The fiber coupler 98 has one of its inputs optically coupled with a laser diode 100, 
while the erbium doped fiber 99 is optically coupled with the noise figure measurement unit 96 through the 
output terminal. 

The noise figure measurement unit 96 has a photo-diode 102i which is optically coupled with the 
erbium doped fiber 99 of the second stage optical amplifier 95 through an optical filter (OF) 101 on one 

70 hand and electrically connected with one input of a noise figure calculation unit 103. The output terminal of 
the erbium doped fiber 99 of the second stage optical amplifier 95 is connected with a fiber monitor 105 
through an optical isolator 1 04, and one output of the fiber monitor 1 05 is connected with an output terminal 
through a band-pass optical filter (BPF) IO61 while another output of the fiber monitor 105 is optically 
coupled with a photo-diode 1022 through a band-pass optical filter (BPF) 1O62 which is electrically 

75 connected with another input of the noise figure calculation unit 103. 

Here, each of the band-pass optical filters IO61 and IO62 is formed by the vapor deposition of the 
dielectric multi-layer on a glass plate, while each of the photo-diodes 102i and 1022 is formed by InGaAs 
semiconductor suitable for a long wavelength bandwidth. 

In the noise figure calculation unit 103, the outputs of the photo-diodes 102i and 1022 are A/D 

20 converted by A/D converters 107i and 1072 and entered into a digital processing circuit 108, while an 
output of the digital processing circuit 108 is D/A converted by D/A converter 109 and outputted as an 
approximated noise figure' FT pre to be described in detail below. - > 

In this: noise figure monitoring apparatus of Fig. 5, the signal light of a- prescribed wavelength ,xs = 
1.5515 urn outputted from the laser diode 91 is attenuated through the transmission fiber 92i , and given to 

25 the optical amplifier 93 at a prescribed level of -15 dBm. The optical amplifier 93 then amplifies the 
received signal light at the prescribed gain of 24.9 dB. The band-pass optical filter 94 has a central 
wavelength equal to the wavelength xs of the signal light, and its transmission half bandwidth is set to 2.7 
nm which is appropriate for transmitting a major energy of the signal light, such that optical amplifier 93 
reduces the ASE light component from the amplified signal received from the optical amplifier 93 in order to 

30 suppress the beat noise between the ASE light «nd the signal light and then outputs the resulting signal to 
the optical amplifier 95 through the transmission fiber 92 2 . 

In the optical amplifier 95, the signal light given through the optical isolator 97 is combined with as 
pumping light of a prescribed wavelength 0.98 urn outputted from the laser diode 100 at the fiber coupler 
98 and transmitted to the erbium doped fiber 99 which functions as a gain medium, along with the 

35 propagating ASE light component also given through the optical isolator 94, as shown in Fig. 6A. Here, the 
optical power on the vertical axis is normalized by the signal optical power obtained at an output of the 
erbium doped fiber 99. 

The erbium doped fiber 99 amplifies the signal light by being pumped by the pumping light, and 
outputs the amplified signal light and propagating ASE light along with the generated ASE light which is 
40 newly generated at the erbium doped fiber 99 itself, as shown in Fig. 6B 

In the noise figure measurement unit 96, the optical filter 101 has a high wavelength range transmission 
characteristic, so as to remove the component for the wavelength 0.98 um of the pumping light scattered 
from the spontaneous emission light which is outputted from the erbium doped fiber 99. 

Then, the photo-diode 102i applies the photo-electric conversion to the ASE light obtained by the 
45 optical filter 101 in this manner, and supplies the obtained electrical signal corresponding to the optical 
power of the ASE light into the noise figure calculation unit 103. 

On the other hand, the input terminal of the optical isolator 104 receives the signal light, propagating 
ASE light, and generated ASE light from the erbium doped fiber 99 as shown in Fig. 6B, along with the 
above described pumping light. Here, however, a part of the components of the pumping light are already 
50 - [absorbed at the erbium doped fiber 99, and in addition, almost the entire components of the pumping light 
are absorbed at the optical isolator 104. Consequently, the fiber monitor 105 splits the signal light and the 
propagating and generated ASE lights at a prescribed ratio of 20:1. 

The optical filter 106) has a bandwidth transmission characteristic as shown in Fig. 7A in which the 
. central transmission wavelength is set equal to the wavelength xs = 1.5515 um of the signal light, so as to 
55 suppress the propagating and generated ASE light components and transmit the signal light in its output. 

The -optical'. filter IO62 has a bandwidth transmission characteristic. as shown' in Fig, 7B in which the 
'-- central transmission wavelength is set equal to a wavelength Xc2 = 1.542 am < Xs in a vicinity of the 
Waveiength Xs of the signal light, with the transmission half bandwidth equaled 1.5 nm, so as to suppress 
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the signal light and transmit the generated ASE light components in its output, as shown in Fig. 6C.?'Here, 
the propagating ASE light is ignored as it is smaller than the generated ASE light as much as about 40 dB 
in this transmission bandwidth of the optical filter 106j as shown in Fig. 6B. 

The photoOiode'tQ^ applies 'the photo-electric -conversion to the 'optical power iPASE(Xc2) ! 'of -Jthe 

s generated ASE light obtained by the optical filter IO62 in this manner, and supplies the obtained electrical 
signal corresponding to the optical power of ! the' generated ASE light into the noise ligure calculation unit 
103. -" '•' * • - H . ■;■ :•*•. .>>!.-».• •- :. : n <•••»,, cor*....-;:, . •/• • •* •-.•.*> •.-•'--•-•■■<<' 

In the noise figure calculation unit 103, the optical power of the ASE tight obtained through the photo- 
diode 102ris A/Dconverted by the A/D converter 107i and supplied into the digital processing circuit 1*08. 

70 The digital processing circuit 108 then calculates the gain Q » 1 of the erbium doped fiber 99 by using 
the known procedures such as those disclosed' irn Japanese- Patent Application Laid Open 1 No. 4-356984 

(1992). • : '- - . .<\>. .■>.:■;•■ ■ <:•■ . Y,.- ... 

Now, in general, the noise figure F-is given by the equation (1) described above, but the approximated 
expression of the following equation (5) holds : for. the generated ASE optical power for a case of the 

15 wavelength Xc2 in a vicinity of the wavelength" Xs, by using .a predetermined constant C < 0. 

Pase (Xs) - Pase (Xc2) • Irf-o" > i (5) 

When this approximated expression is substituted into the above equation (1) and the logarithm of both 
20 sides is taken, the following expression (6) for the approximated noise figure F in dB unit can be obtained. 

^ • - lot-ciB) PftSE ( Xc2 ) 1 
F* * F'pr. = 10«lOff{ - + } 

25 . G 

,--.-.,c, ,^ , tv Pbse(Xc2) 1 

= 10«loff{Kt -,— : : .,+ , — } , (6) ... 

30 •• .t ■■■■ ■ ■ ■ ;.. ii ' ^ : .01 :■- ■. »,.':>•%.• '-• •- iv. • ■ -a ■>■ o: i C 1 C <.;'< liic e-'i'n'.'i'' 

where K1 ■ .10 <r ^ , ^/h»i'«Ai', and the value of P A sE(Xc2) q is obtained by A/D converting the output of the 
photo-diode 1022 at the A/D converter 1072 i> •••• j w <.»->u 

The approximated noise figure F* pre in dB unit so calculated is plotted as a curve d in Fig. 8, which 

35 has an error AP with respect to the theoretical value of the noise figure F in dB unit obtained according 1o 
the above equation (1) and plotted as a curve C2 in Fig. 8, due to the saturation, characteristic of the gain G 
characteristic to the erbium doped fiber 99 and the level variation of the generated ASE light with respect to 
the variation of the gain G associated with that saturation characteristic, where this error .AP -vari s 
according to the input signal optical power. ■ 

40 From the above equations (1) and (6), this error AP can be expressed by the following equation (7) with 
the ASE powers in dB unit Pase* (Xc2) and' Pase* (Xs). v - 

AP = Ppre - P = Pase' (Xc2) - Pase" (XS) • (7) 

" id ■. . ■■ ;=!' •: : ... is . 

45 which varies according to the gain G* in dB unit as plotted as a curve C3 in Fig. 9. <-'• 
Now, in such a conventional noise figure monitoring apparatus for the erbium doped fiber amplifier, 
despite of the fact that the calculations carried out in the noise figure calculation unit 103 are quite 
complicated as in the above equation (6), the error AP contained in the approximated noise figure P pre 
given by the above equation (7) has been regarded as a constant value C as indicated in Fig. 9 according 

50 to the approximation of the above equation (5), such that the dependency of the approximated noise figure 
Ppre on the gain G* as indicated in Fig. 9 has effectively been ignored. As a result,' there; has.been, cases m 
which the approximated noise figure P pr( ; takes quite large value in accordance with th variation of the 

input signal optical power. •- . . > ::.•>:: 

Such a variation of the error AP with respect to the variation of the gain G" can be reduced by setting 

55 the central wav length Xc2 of the transmission bandwidth of the optical filter 1062 to be very close to the 
wavelength Xs of the signal light ; However, this provision has been very often impractical due to the 
t chnological and economical limitations, as it 1 requires to set up the s lective transrhittivity- of the optical 
filters IO61 and IO62 extremely sharply in order to realize th level difference K greater than a prescribed 
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lower limit between the signal light and the generated ASE light at the outputs of these optical filters 106i 
and IO62. 

SUMMARY OF THE INVENTION 

5 

It is therefore an object of the present invention to provide a method and an apparatus for monitoring 
the noise figure of the optical amplifier, capable of reducing the size and the cost of the apparatus by 
simplifying its configuration. 

It is another object of the present invention to provide a method and an apparatus for monitoring the 

to noise figure of the optical amplifier, capable of simplifying the calculations required in obtaining the noise 
figure, while improving the accuracy of the calculated noise figure. 

According to one aspect of the present invention there is provided an apparatus for monitoring a noise 
figure of a linear repeater including at least one optical amplifier for amplifying input signal light and at least 
one narrow bandwidth optical filter for removing amplified spontaneous emission (ASE) light generated at 

15 the optical amplifier, the apparatus comprising: gain detector means for detecting a gain of the optical 
amplifier; ASE optical power detector means for detecting an optical power of the ASE light generated at 
the optical amplifier, including: splitter means for splitting lights entering into the narrow bandwidth optical 
filter; optical filter means having a central transmission wavelength displaced from a wavelength of the input 
signal light, for extracting the ASE light generated at the optical amplifier from the lights split by the splitter 

20 means; and optical power detection means for detecting the optical power of the ASE light extracted by the 
optical filter means; and noise figure calculation means for calculating the noise figure according to the gain 
detected by the gain detector means and the optical power of the ASE light detected by the ASE optical 
power detector means. 

According to another aspect of the present invention there is provided an apparatus for monitoring a 

25 noise figure of a linear repeater including at least one optical amplifier for amplifying input signal light and a 
narrow bandwidth optical filter for removing amplified spontaneous emission (ASE) light generated at the 
optical amplifier, the apparatus comprising: gain detector means for detecting a gain of the optical amplifier; 
ASE optical power detector means for detecting ah optical power of the ASE light generated at the optical 
amplifier, including: splitter means for splitting lights entering into the narrow bandwidth optical filter; local 

30 oscillator means for generating local light having a wavelength displaced from a wavelength of the input 
signal light; coupler means for coupling the lights split by the splitter means with the local light generated 
by the local oscillator means; optical power detection means for making a heterodyne detection of the 
optical power of the lights coupled by the coupler means; and electrical band-pass filter means for 
extracting the optical power of the ASE light generated at the optical amplifier from the optical power 

35 obtained by the optical power detection means; and noise figure calculation means for calculating the noise 
figure according to the gain detected by the gain detector means and the optical power of the ASE light 
detected by the ASE optical power detector means. 

According to another aspect of the present invention there is provided a method for monitoring a noise 
figure of a linear repeater including at least one optical amplifier for amplifying input signal light and at least 

40 one narrow bandwidth optical filter for removing amplified spontaneous emission (ASE) light generated at 
the optical amplifier, the method comprising the steps of: (a) detecting a gain of the optical amplifier; (b) 
detecting an optical power of the ASE light generated at the optical amplifier in a vicinity of a central 
transmission wavelength displaced from a wavelength of the input signal light; and (c) calculating the noise 
figure according to the gain detected at the step (a) and the optical power of the ASE light detected at the 

45 step (b), by approximating the optical power of the ASE light generated by the optical amplifier at an output 
side of the linear repeater in a vicinity of the wavelength of the input signal light by the optical power of the 
ASE light generated by the optical amplifier detected at the step (b) in a vicinity of the central transmission 
wavelength. 

According to another aspect of the present invention there is provided a method of monitoring a noise 
50 figure for an optical amplifier for amplifying input signal light, comprising the steps of: (a) measuring a gain 
--'"-G" in dB unit of the optical amplifier; (b) measuring an optical power P* ASE in dB unit of an amplified 
spontaneous emission (ASE) light generated by the optical ampKfierat a Wavelength \c2 displaced from a 
wavelength Xs of the input signal light; and (c) calculating an approximate noise figure P apr in dB unit by 
substituting the gain G* measured at the step (a) and the optical power P* AS e measured at the step (b) into 
55 an equation: P apr «= P ASE *(\c2) + K 2 • K3 • G" where K 2 and K3 are constant coefficients. 

' According to another aspect' of the present invention there is provided an apparatus for monitoring a 
noise figure for an optical amplifier for amplifying input signal light, comprising: gain detector means for 
measuring a gain G* in dB unit of the optical amplifier; ASE optical power detector means for measuring an 
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optical power P*ase in dB unit of an amplifi d spontaneous emission (ASE) light generated by the optical 
amplifier at a wavelength Xc2 displaced from a wavelength \s of the input signal light; and processing 
means for calculating an approximate noise figure P apr in dB unit by substituting the gain G* measured by 
the gain,, detector means and the optical, power;P*A^ measured by. the ASE optical power, detector means 
5 into an. equation:, Papr « P ASE * (Xc2) + Kj- -.K3- »G* where. Kz and K3 are constant coefficients determined 
in advance from known sets of the; noise figures; the gain, and the optical power of the ASE light. 

Other features and advantages of the present invention , wiH ; become apparent from the following 
description taken in conjunction with the accompanying drawings. 

to BRIEF DESCRIPTION OF THE DRAWINGS , . . , , k; 

Figs 1A and 1B are block diagrams of conventional linear repeaters of single stage and two-stage 
amplification types, respectively. : .. s .v r .; ; ... , . - . 

Fig. 2 is a block diagram of a conventional optical transmission system using cascaded linear repeaters. 
15 Fig. 3ris a block diagram of a conventional noise figure monitoring apparatus for a linear repeater. 

Figs., 4A, 4B, and 4C are graphs of optical power versus wavelength at points A, D, and E in the 
apparatus of Fig. 3. -- ■ . ■■.<:' > ■ ,\- 

Fjg. 5 is a block diagram of a conventional noise figure monitoring apparatus for an erbium doped fiber 
amplifier. 

20 Figs. 6A, 6B, and 6C are graphs of optical power versus wavelength at three different points in the 
apparatus of Fig. 5. 

Figs. 7A and 7B are graphs of transmittivity versus wavelength for two optical filters used in the 
apparatus of Fig. 5. 

Fig. 8 is a graph of a noise figure obtained by the apparatus of Fig. 5 and a theoretical value for. the 
25 noise figure as a function of an input signal optical power. 

Fig. 9 is a graph of an error of the noise figure obtained by the apparatus of Fig. 5 as a function of the 
gain. ... . 

Fig. 10 is a block diagram of a first embodiment -of a noise figure, monitoring apparatus for an optical 
amplifier according to the present invention. . i. < 

30 Figs. 11 A,. 11B, and 1 10 are : graphs of optical power versus wavelength at. points A, B, and C in.-.the 
apparatus of Fig. 10. - . .• . • .. .- ,i • ••„•. 

Fig. 12 is a -block diagram of one practical implementation of the first embodiment of the noise figure 

monitoring apparatus. , , ;;.. , , •,.. >lr . ... , ,. i.r.i . : ? 

Figs. 13A. 13B. and 130 are graphs of optical power, versus wavelength at points A, B, and C in the 
35 apparatus of Fig. 12. 

. Fig. 14 is a block diagram of another practical implementation of the first embodiment of the noise 
figure monitoring apparatus. 

Fig. 15 is a block diagram of a modified configuration for the first embodiment of the noise figure 
monitoring apparatus. , 

40 Fig. 16 is a graph of optical electrical power versus wavelength at a point C in the apparatus of Fig. 15. 

Fig. 17 is a graph of an output power versus frequency for an optical receiver used in an ASE optical 
power detector of the apparatus of Fig. 15. 

Fig. 18 is a graph of transmittivity versus frequency for an electrical band-pass filter used in an -ASE 
optical power detector of the apparatus of Fig. 15. 
45 Fig. 19 is a block diagram of a second embodiment of a noise figure monitoring apparatus for an optical 
amplifier according to the present invention. 

Fig. 20 is a graph of an error of the noise figure obtained by the apparatus of Fig. 19 and the theoretical 
value of the error for three, different values of an optical power for pumping light as a function of theigain., 
Fig. 21 is a graph of a noise figure obtained by the apparatus of Fig. 19 for three different values of an 
50 optical power for pumping, light as a function of an input signal optical power. 

Fig. 22, is a graph of a difference between the noise figure obtained by the apparatus of Fig. 19 and the 
theoretical value of the noise .figure for three different values of an optical power for pumping light as a 
function of an input signal optical power. 

Figs. 23A. 23B, and 23C are graphs of the noise figures obtained, by the known method, the noise 
55 figures obtained by the apparatus of Fig. 5, and the, noise' figures obtained by the apparatus of Fig. 19, 
respectively, as a function of an input signal optica! power, for three different values of an optical power for 
pumping light. 
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Fig. 24 is a block diagram of one modified configuration for the second mbodiment of the noise figure 
monitoring apparatus. 

Fig. 25 is a graph of a noise figure obtained by the apparatus of Fig. 24, a theoretical value for the 
noise figure, and a noise figure obtained by the apparatus of Fig. 5, as a function of an input signal optical 
5 power. 

Fig. 26 is a block diagram of another modified configuration for the second embodiment of the noise 
figure monitoring apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

70 

Referring now to Fig. 10,;a first embodiment of a method and an apparatus for noise figure monitoring 
according to the present invention will be described in detail. 

In this configuration of Fig. 10, the apparatus generally comprises: a two-stage linear repeater 30 
including optical amplifiers 31a and 31b on input and output sides for amplifying the signal light with the 

75 wavelength \s, and a narrow bandwidth optical filter 32 connected between the optical amplifiers 31a and 
31b for removing the ASE light generated at the optical amplifier 31a, which has a central transmission 
wavelength Xc,r equal to the wavelength xs of the entered signal light; a gain detector 10 connected on an 
input side of the linear repeater 30 as well as between the optical amplifier 31 a and the narrow bandwidth 
optical filter 32 of the linear repeater. 30, for measuring the gain of the optical amplifier 31a; an ASE optical 

20 power detector 20 connected between the optical amplifier 31a and the narrow bandwidth optical filter 32 of 
the linear repeater 30, for measuring the optical power of the ASE light generated at the optical amplifier 
31a; and a noise figure calculation unit 26 connected with the gain detector 20 and the ASE optica) power 
detector 20, for calculating the noise figure of the, optical amplifier 31a according to the. gain and the ASE 
optical power measured by the gain detector 10 and the ASE optical power detector 20. 

25 This first embodiment of Fig. 10 shows an exemplary case of using the two-stage linear repeater 30 
substantially similar to that shown in Fig. 1B, although this embodiment is equally applicable to a linear 
repeater of any desired number of amplification stages, including a single stage amplification type. In 
general, a case of; a multi-stage amplification: type linear repeater can be handled similarly by connecting 
the gain detector 10 on an input side of the linear repeater as well as in front of a first narrow bandwidth 

30 optical filter of the linear repeater, and connecting the ASE optical power detector 20 in front of the first 
narrow bandwidth optical filter of the linear repeater, just as in the configuration of Fig. 10. 

The gain detector 10 comprises: a splitter 11 for splitting the lights entering into the linear repeater 30; 
an optical receiver 12 for detecting an optical power P sin of the lights split by the splitter 11; splitters 13 and 
14 for splitting the lights outputted from the optical amplifier 31a; a narrow bandwidth optical filter 15 for 

35 removing the ASE light generated at the optical amplifier 31a from the lights split by the splitters 13 and 14, 
which has a central transmission wavelength Xc,r equal to the wavelength Xs of the entered signal light (Xc,r 
= Xs); and an optical receiver 16 for detecting an optical power P s , 0 ui-a of the light outputted from the 
narrow bandwidth optical filter 15. 

The ASE optical power detector 20 comprises: the splitters 13 and 14 which are shared with the gain 

40 detector 10; a narrow bandwidth optical filter 21 for extracting the ASE light generated at the optical 
amplifier 31a from the lights split by the splitters 13 and 14, which has a central transmission wavelength 
Xc,c set to be displaced from the wavelength Xs of the entered signal light(Xc,c * Xs); and an optical 
receiver 22 for detecting an optical power P A sE- a of the ASE light extracted at the narrow bandwidth optical 
filter 21 . 

45 In the following, for the sake of the simplicity, the signal light excess loss due to the other optical 
components such as the splitters provided on the transmission line or the optical isolators omitted in Fig. 10 
is assumed to be zero. 

The spectra of the signal light and the propagating ASE light at the point A on an input side of the 
splitter 11 in the configuration of Fig. 10 appear as shown in Fig. 11 A, in which the propagating ASE light is 
so confined within the transmission bandwidth of a narrow bandwidth optical filter of an immediately preceding 
. . linear repeater. The splitter 11 splits a small fraction of such entering lights while transmitting a majority of 
the entering lights to the linear repeater 30. 

The optical power of the received light at the optical receiver 12 is that of the signal light reached to the 
optical receiver 12 through the splitter 11 as can be seen in Fig. 11A, Therefore, the input signal optical 
55 power P 5 in at an input terminal of the linear repeater. 30 can be obtained by adding the signal -light loss 
from the point A to the optical receiver 12 to the optical power of the received light at the optical receiver 
12. 
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The optical amplifier 31a then amplifies the ntered signal light and the propagating ASE light, while 
also generating the gen rated ASE light. The sp ctra of the signal light, the propagating ASE light, and the 
generated ASE light at the point B on an input side of the splitter 13 in the configuration of Fig. 10 appear 
as shown in Fig. 11B. The splitter 13 splits a small fraction of such entering lights while transmitting a 
5 majority of the entering lights to the narrow bandwidth optical filter 32. 

Then, the output of the narrow bandwidth optical filter 32 is amplified and outputted by the optical 
amplifier 31 b to the optical fiber transmission line. In a case of a single stage linear repeater, the output of 
the narrow bandwidth optical filter 32 is outputted directly to the optical fiber transmission line. Here, the 
linear repeater 30 limits the bandwidth of the generated, ASE light by the narrow bandwidth optical filter 32 
70 which removes the generated ASE light outside of this transmission bandwidth. Since the central transmis- 
sion wavelength of the narrow bandwidth optical filter 32 is set equal to the wavelength Xs of the entering 
signal light, the amplified signal light and propagating- ASE light are transmitted through the linear repeater 
30. 

The lights split at the splitter 13 are further split into two at the splitter 14 and one of the split lights is 

J5 entered into the optical receiver 16 through the narrow bandwidth optical filter 15. The optical power of the 
received light at the optical receiver 1 6 is that of the signal light reached to the optical receiver 1 6 through 
the splitters 13 and 14 as can be seen in Fig. 11B. Therefore, "the output signal optical power P 8 ,out-a at an 
input terminal of the optical amplifier 31a can be obtained by adding the signal light loss from the point B to 
the optical receiver 16 to the optical power of the received light at the optical receiver 16. 

20 On the other hand, the other one of the lights split at the splitter 14 is entered into the narrow bandwidth 
optical filter 21. Here, because the central . transmission wavelength xc,c of the narrow bandwidth optical 
filter 21 is set to be displaced from the wavelength Xs of the entering signal light, the signal light and the 
propagating ASE light which are not in a vicinity of this wavelength Xc.c are almost completely removed by 
this narrow bandwidth optical filter 21 , such that only the remaining generated ASE light in a vicinity of this 

25 wavelength Xc,c is extracted and entered into the optical receiver 22. Thus, the spectra of the light at the 
point C on an input side of the optical receiver 22 in the configuration of Fig. 10 appear as shown in Fig. 
11 C, which contains only the generated ASE light in a vicinity of the wavelength Xc.c. 

The optical power of the received light at the optical receiver 22 is that of the generated ASE light 
transmitted through the splitter 13 to the narrow bandwidth optical filter 21. Here, the generated ASE light is 

30 entered into the narrow bandwidth optical filter 21 without any bandwidth limitation, so that by displacing the 
central transmission wavelength Xc.c of the narrow bandwidth optical filter 21 from the wavelength Xs of the 
entering signal light, the optical power oif orjly the> generated ASE light can be detected at the optical 
receiver 22. Consequently, the generated ASE optical power P A sE-a within the transmission bandwidth A* at 
the output terminal of the optical amplifier"3ta can .be obtained by adding the transmission loss from the 

35 point B to the optical receiver 22 to the optical power of the received light at the optical receiver 22. 

Here, it is to be noted that the generated ASE optical power P ASE at the output terminal of the linear 
repeater 30 is actually obtained through the narrow bandwidth optical filter 32 with the central transmission 
frequency Xc.r, which is slightly different from the generated ASE optical power P AS e- 8 obtained through the 
narrow bandwidth optical filter 21 with the central transmission frequency Xc.c. 

40 It is also to be noted 'that the noise figure of an'entire linear repeater is determined by a noise figure of 
the . first stage optical amplifier, so that the noise figure of the linear repeater 30 can be calculated in 
approximation from the generated ASE optical power P A sE-a within the transmission bandwidth A» at the 
output terminal of the optical amplifier 31a and the gain Gaef the optical amplifier 31a.- 

More specifically, in a case the linear repeater 30 is of a single stage amplification type, the gain Ga of 

45 the first stage optical amplifier 31a is identical with the gain G of the linear repeater 30 as a whole, so that 
the noise figure F of the linear repeater 30 can be calculated by approximating the generated ASE optical 
power P ASE within the transmission bandwidth by the generated ASE optical power P AS e- 8 obtained at the 
optical receiver 22 and using the equation (1 ) described above. 

In a case the linear repeater 30 is of a two-stage amplification type as shown in Fig. 10, the noise figure 

50 F of the entire linear repeater 30 can be calculated in approximation as follows. 

Namely, in this case, the gain Ga of the optical amplifior 31a can be obtained from the input signal 
optical power P Siin at the input terminal of the optical amplifier 31a that can be d termined from the optical 
power of the received light at the optical receiver 12, and the output signal optical power P s .out-a at the 
output terminal of the optical amplifier 31a that can be determin d from the optical power of the received 

ss light at the optica! receiver 16, according to the following equation (8). 

Ga = Ps.out-a/Ps,ln (8) 
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Consequently, the approximated noise figure F apr of the linear repeater 30 can be expressed by the 
following equation (9): 

F apr = PASE-aAh'^'A^Ga) + 1/Ga (9) 

S .;■ 

where h is the Planck constant, and v is an average frequency of the ASE light. 

The noise figure calculation unit 26 carries out these calculations of the above equations (8) and (9) to 
obtain the approximated noise figure F apr according to the input signal optical power P s , in and the output 
signal optical power Ps.om-a measured at the gain detector 10 and the generated ASE optical power P A sE- a 
io measured at the ASE optical power detector 20. 

Here, the difference between the approximated noise figure F apr calculated according to this equation 
(9) and the true noise figure F calculated according to the above equation (1) is about 0.2 dB at most, which 
is practically ignorable in most cases. 

It is to be noted that, in this first embodiment, it is preferable to displace the central transmission 
75 wavelength Xc.c of the narrow bandwidth optical filter 21 from the wavelength Xs of the signal light for 
approximately 5 nm. ; 

As described, according to this first embodiment, the sufficiently accurate approximated noise figure 
can be obtained for the optical amplifier by measuring the approximated ASE optical power in the optical 
amplifier output at the wavelength displaced from the wavelength Xs of the signal light and calculating the 
20 approximated noise figure from the approximated ASE optical power and the gain of the optical amplifier 
measured separately, so that a configuration of the noise figure monitoring apparatus can be simplified 
, significantly, and therefore the size and the cost of the apparatus can be reduced considerably. 

Referring now to Fig. 12, one specific implementation of the first embodiment just described will be 
described in detail. 

25 In this implementation of Fig. 12, the wavelength Xs of the entered signal light is set to 1.552 urn, so 
that the central transmission wavelength Xc,r of the narrow bandwidth optical filter 32 and 15 is also set to 
1.552 um, while their transmission bandwidth Av is set to 3 nm. On the other hand, the central transmission 
wavelength Xc.c of the narrow .bandwidth optical filter 21 is set to 1 .548 um, and its transmission bandwidth 
is set to 1 nm. 

30 As indicated in Fig. 12, the optical receivers 12. 16 and 22 are provided in forms of photo-diodes, while 
the optical amplifier 31a (31b) comprises an erbium doped fiber amplifier formed by an erbium doped fiber 
33a (33b) for receiving an output of the splitter 1 1 (the narrow bandwidth optical filter 32), a semiconductor 
laser (LD) 34a (34b) of 1 .48 um functioning as a pumping light source, and a coupler 35a (35b) for coupling 
the semiconductor laser 34a (34b) with an output of the erbium doped fiber 33a (33b). In addition, optical 

35 isolators 36a, 36b, and 36c are provided between the splitter 11 and the optical amplifier 31a, between the 
optical amplifier 31a and the splitter 13, and between the optical amplifier 31b and the optical fiber 
transmission line, respectively, in order to prevent the laser oscillation at the output of the linear repeater 
30. 

In the following, for the sake of simplicity, the loss at each of the optical isolators, splitters, and couplers 
40 at the wavelengths of the signal light and the ASE light is assumed to be equal to 1 dB. In addition, the loss 
at each of the narrow bandwidth optical filters at the central transmission wavelength is assumed to be 
equal to 1 dB. 

Now, when this configuration of Fig. 12 is provided as the second stage linear repeater in the optical 
transmission system formed by cascaded linear repeaters such as that shown in Fig. 2 described above, 

45 the spectra at the point A on an input side appear as shown in Fig. 13A. As can be seen in Fig. 13A, the 
lights entering into this linear repeater is predominantly the signal light. The splitter 1 1 splits these entering 
lights at a splitting ratio of 13 dB, i.e., 20:1, and supplies the split small fraction of the entering lights to the 
optical receiver 12. When the optical power of the received light at the optical receiver 12 is equal to -34 
dBm, since the signal light loss between the point A and the optical receiver 12 including the signal light 

so, excess . loss is equal to 14 dB. in this case, the input signal optical power P s in is equal to (-34 + 14) dBm = 
-20 dBm. At this point A r the total ASE opticar power is about -40 dBm. 

The signal light and the propagating ASE light transmitted through" the splitter '11 are amplified at the 
erbium doped fiber 33a while the generated ASE light is also added, and outputted to the point B. In this 
case, the spectra at the point B appear as shown in Fig. 13B. The splitter 13 splits these lights outputted 

55- from the optical amplifier 31a at a splitting' ratio of 13 dB. i.e., 20:1, and the splitter 14 further splits the split 
small fraction at a splitting ratio of TO dB. i.e;, 10:1 , and then the narrow bandwidth optical filter 15Temoves 
the ASE- lights from the further split small -fraction and supplies the remaining' signal light to the optical 
receiver 16. V/hen the optical power of the. received light at the optical receiver 16 is equal to -30 dBm, 
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since the signal light loss b tween the point B and the optical receiver 16 including the signal light excess 
loss is equal to 26 dB in this case, the output signal optical power Ps.out-a is equal to (-30 + 26) dBm = -4 
dBm. Here, the ASE optical power among the optical power obtained at th optical receiver 16 is only about 
-50 dBm so that itis ignoraWy. small. 

s Consequently,' the gain Ga of the optical amplifier 3Ta^can be calculated from anrexpression -20-1- 
1 +Ga-1-1 = -4 holding on the input and output side of the optical amplifier 31a as 20 dB. 

The lights-*ahsmittedi through the splitter 14 are entered into the narrow bandwidth optical filter 21 to 
extract the generated ASE. light, and the output of this narrow bandwidth optical filter 21 containing 
predominantly the generated ASE light is supplied to the optical receiver 22. In this case, the spectra at th 

;o point C appear as shown in Fig. 13C. When the optical -power of the received light at the optical receiver 22 
is equal to -41 dBm, since , the signal light loss between the'poiht B and the optical receiver 22 including the 
signal light excess loss is equal tp 16 dB in this case, the generated ASE optical power Pase-s within the 
transmission bandwidth of 1 nm is equal to (-41 + 16) dBm" = t25 dBm. Here, the optical power of the lights 
other than the generated ASE light in the optical power obtained at the optical receiver 22 is only about -60 

15 dBm so that it is ignorably small. '■; ••- • '- ;;;_>.. ;~ r ; 

Consequently, the generated' ASE optical ppwer"P A sE-a within the transmission bandwidth of 1 nm at 
the output side of the optical amplifier 31a can be obtained as -23. dBm; by accounting for 'the loss at th 
optical isolator 36b and the splitter 35a. \- ' - V .' < •' ' r i *•• 

Then, by substituting the obtained values of Ga = 20 dB and P AS E-a = -23 dBm into the above 

20 equation (9), the approximated noise figure F apr of the optical amplifier 31a can be calculated as 5 dB. 
Consequently, the effective noise figure of this linear repeater becomes 7 dB, by accounting for the signal 
light loss at the splitter 11 and the optical isolator 36a on the input side of the optical amplifier 31 a, 
regardless of whether it is of a single stage amplification type or a two-stage amplification type. 

On the other hand, the lights transmitted through the splitter 13 are entered into the narrow bandwidth 

25 optical filter 32 to remove the ASE lights other than those in a vicinity of the signal light wavelength. 

In a case this linear repeater is a single stage amplification type, the output of this narrow bandwidth 
optical filter 32 is the output of the linear repeater itself, so that the gain and the noise figure of the entire 
linear repeater can be obtained from the gain and the noise figure of the optical amplifier 31a. In a case this 
linear amplifier is a.two^stage amplification type, the output of this narrow bandwidth optical filter 32 is 

30 further amplified by. the optical amplifier 31b and the amplified 1 output of this optical amplifier ,'31b becomes 
the output of the linear repeater. In this case, the noise; figure of the entire linear -repeater can b 
determined as the noise, figure of the optical amplifier 31a. In a case it is also necessary to obtain the gain 
of the entire linear repeater, any conventionally known manner of determining the gain of the linear repeat r 
may be employed in addition. --• 1 

35 It is to be noted that the gain of the erbium doped fiber amplifier can be measured bj/the method oth r 
than that described above, such as that disclosed in Japanese Patent Application Laid Open No. 4-356984 
(1992). ■• c • 

It is also to be noted that the linear repeater of a multi-stage amplification type may be handl d 
similarly by regarding a plurality of optical amplifiers connected in series as one optical amplifier and 

40 applying the above described first embodiment to this one optical amplifier. 

Also, a case of using a plurality of narrow bandwidth optical filters in. such a multi-stage amplification 
type linear repeater may be handled similarly to a case of a single stage, amplification type linear repeat r 
by connecting the gain detector 10 on an input side of the linear repeater as well as in front of a first narrow 
bandwidth optical filter of the linear repeater, and the ASE optical power detector 20 in front of the first 

45 narrow bandwidth optical .filter of the linear repeater. ' 1 

Referring now to Fig. 1 4, another specific implementation of the first 'embodiment jjust described will be 
described in detail. 

This implementation of Fig. 14 is substantially similar to that of Fig. 12 except that the optical amplifiers 
31a and 31b are . provided in forms of semiconductor lasers 37a and 37b, which are controlled by a 

so common current driving circuit 38. Similarly to the case of Fig. 12, in this case of Fig. 1 4, the wavelength \s 
of the entered signal light' is set to 1.552 urn, so that the central transmission wavelength Xc.r of the narrow 
bandwidth optical filter 32 and 1 5 is also set to 1.552 urn, while their transmission bandwidth Ac is set to 3 
nm. On the other hand, the central transmission wavelength \c,c of the narrow bandwidth optical filter 21 is 
set to 1.548 urn, and its transmission bandwidth is set to 1 nm. 

55 In this implementation. of ;Fig. 14, when the optical power of the received light at the optica! receiver 16 
is equal to -29 dBm and : th© . optical power of the received light at the optical receiver 22 is equal to -40 
dBm as the couplers of the optical amplifiers are omitted, the gain Ga of the semiconductor las r 37a can 
be calculated as 20 dB, and the generated ASE optical power P AS E- a within the transmission bandwidth of 1 
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nm at the output side of the semiconductor laser 37a can be obtained as -23 dB, similarly to the 
implementation of Fig. 12. 

Then, by substituting the obtained values of Ga j~, 20 dB and Pase- 8 = -23 dBm into the above 
equation (9), the approximated noise figure F 8 p r of the' optical amplifier 31a can be calculated as 5 dB. 
s Consequently, the effective noise figure of this linear repeater becomes 7 dB, by accounting for the signal 
light loss at the splitter 1 1 and the optical isolator 36a on the input side of the semiconductor laser 37a, 
regardless of whether it is of a single stage amplification type or a two-stage amplification type. 

Referring now to Fig. 15, a modified configuration for the first embodiment of Fig. 10 described above 
will be described in detail. 

70 In this configuration of Fig. 15, the ASE optical power detector 20 in Fig. 10 is replaced by the ASE 

optical power detector 20' in which the narrow bandwidth optical filter 21 is replaced by a local oscillator 23 
for generating local light with a wavelength X L o different from the wavelength Xs of the signal light which is 
suitable for the heterodyne detection at the optical receiver 22, and a coupler 24 for coupling the local light 
generated by the local oscillator 23 with the slip lights split by the splitter 13 and transmitted through the 
75 splitter 14. In addition, an electrical band-pass filter 25 is provided on an output side of the optical receiver 
22, such that the signal indicative of the generated ASE optical power Pase-b is outputted from this 
electrical band-pass filter 25 to the noise figure calculation unit 26. 

In this case, the spectra of the lights at the point C between the coupler 24 and the optical receiver 22 
appear as shown in Fig. 16, which includes the local light at the wavelength X L0 , in addition to the signal 
20 light, the propagating ASE light, and the generated ASE light. 

When the local light is utilized for the heterodyne detection at the optical receiver 22, the output of the 
optical receiver 22 has the output power spectrum as shown in Fig. 17 which contains the DC components 
at the frequency 0 and the beat component between trie; local light and the generated ASE light. 

The electrical band-pass filter 25 has a transmittivity characteristic as shown in Fig. 18, so that the 
25 electrical band-pass filter 25 extracts only the intermediate frequency components from the output of the 
optical receiver 22 in order to obtain the generated ASE optical power Pase- a within the transmission 
bandwidth. ■ , 

It should be obvious. that^ the same effect of the reduction of the size and the cost of the apparatus can 
be achieved in this modified configuration just as in the configuration of Fig. 10. 
30 Moreover, in this configuration of Fig. 1 5, the stability of the operation of the apparatus can be improved 
compared with the configuration of Fig. 10, as the electrical band-pass filter 25 is capable of realizing more 
stable operation than the narrow bandwidth optical filter 21 used in the configuration of Fig. 10. 

In addition, in this configuration of Fig. 15, the wavelength X LO of the local light can be set closer to the 
wavelength Xs of the signal light, compared with the central transmission wavelength of the narrow 
35 bandwidth optical filter 21 used in the configuration of Fig. 10, so that the error in the obtained noise figure 
can be reduced further. In fact, in this configuration of Fig. 1 5, it is preferable to displace the wavelength X LO 
from the wavelength Xs of the signal light for approximately 3 nm, which is significantly smaller than the 
preferable displacement of approximately 5 nm suitable for the configuration of Fig. 10 as described above. 
Referring now to Fig. 19, a second embodiment of a method and an apparatus for noise figure 
40 monitoring according to the present invention will be described in detail. In the following, those elements 
which are substantially equivalent to the corresponding elements in the configuration of Fig. 5 described 
above will be given the same reference numerals in the figures and their descriptions will be omitted. 

First, the method of obtaining the noise figure according to this second embodiment will be described. 
When the logarithm of the both sides of the above described equation (1) is taken to convert the noise 
45 figure F, the generated ASE optical power P A se(^s), and the gain G into the corresponding quantities P, 
Pase" (^s), and G" in dB unit, the following equations (10) and (11) can be obtained for the noise figure P. 

„- F'log, (10) 1 

,.. , .. F* « Fi • s K..+ PflSE' (XS) - G* * . • (10) 

60 . 10 . G 

K s -l0«logi a (lwA»<) (11) 

55 On the other hand, in view of the dependency of the error AP on the gain G" as shown in Fig. 9 
described above, the following equation (12) ean : be obtained for the generated' ASE optical power Pase* 
• (Xs) from the above described equation (7). ' : ' ; v 
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Pase* Us) = Pase* Uc2) - AP 

= Pase*Uc2) - {a + bG- + *1±-. } 

10-G 

- Func(G) (12) 



10 where a and b are an intercept and a slope, respectively, of a straight line C4 tangent to the curve C3 of the 
error AP in Fig. 9, and Func(G) is a difference function representing a difference between the curve C3 and 
the line C4. shown in Fig. 9. i . ■ 

Then, by, substituting this equation '(1 2) into the above^ equation (10), the following equation (13) for 
expressing the approximated noise figure P apr can berObtained. ^ 

75 U> ' 1 '->' > 

■ - ' • v — ' 

Fl . ~ F'ipr ■ K + Pase*Uc2) - a - (l+b)G* -a iFunc (G) 
20 = K 2 + P«se*(Xc2) - K 3 «G* - Func(G) (13) 

where Ka- = K - a and K3 = 1 + b. 

Moreover, when the difference function Func(G) is ignored, the equation (13) can be further approxi- 
25 mated by the following equation (14). 

Papr = K 2 + Pase* (Xc2) - K3 'G* (14) 



35 



40 



45 



Now, the/gain G* can also be, expressed jin -terms pf the^photqeiectric curj'ent-lpi, outputted 
itc-diode'ld2i in response to the: spontaneous emission light outputted frcim' the erbium doped 



from th 

30 photo-diode '1 (52 1' in response to the) spontaneous emission light outputted frcim' trie erbium doped fiber 99 
and the characteristic constants c and d associated with this photo-diode 102,;, by-the following equation 
(15). i 



G" = c + d.| ph (15) 

•1 

On the other hand, the' generated ASE optical power P A sEm* (Xc2) obtained at the photo-diode 102 2 can 
be expressed in terms of the optical loss J <-0 in dB unit from the output terminal of the erbium doped fiber 
99 through the optical isolator 104, the, fiber monitor 105, and the optical filter IO62, to the photo-diod 
1022, by the following equation (16). 

PASEm*>c2) = Pase* 0c2) ; + J (16) 

. Consequently, by substituting these equations (15) and (16) into the above equation (14), the approxi- 
mated noise figure P apr can be expressed by the following equation (17). 

Papr ="PASEm* (XC2) + a v/3« l ph (17) V ' 



where a ■ K - J - a - c(1 •* b) and fi = d(1 * b). 

Here, in a case the difference function junc(G) is ignored, the constant coefficients a and 0 are the 
50 unknowns to be determined by substituting two sets of the actually measured values for F"ip,,,P ASE * (Xc2),- 
and l P h into the above equation (17) in advance. 

Next, a configuration o'f an apparatus suitable for carrying out the noise figure monitoring by using the 
method just described will be described with reference to Fig. 19. 

This configuration of Fig. 19 differs from that of Fig. 5 described above in that the noise figure 
55 calculation unit 103 using th digital processing circuit 108 in Fig. 5 is replaced by a noise figure calculation 
unit 112 using an analog proc ssing circuit 111 connected with the, photo-diodes 102i and 102 2 directly. 
Here, the analog processing circuit 111 carries out the arithmetic calculations according to tho equation (17) 
described above, according to the photo lectric current l ph m asured by the photo-diode 102i and the 



15 



EP O 594 178 A1 



generated ASE optical power Paseid* (Xc2) measured by the photo-diode 1 022 , and the constant coefficients 
a and 0 determined in advance as described above, to obtain the approximated noise figure P apr . Here, 
only the simple arithmetic calculations are involved in the above equation (17), so that the analog 
processing circuit 111 is sufficient to carry out this calculation of the approximated noise figure P apr , without 

5 requiring any digital processing. 

Now, the error AP in the approximated noise figure Papr„due to the use of the generated ASE optical 
power P ASE (Xc2) for approximating the generated ASE optical power Pase(Xs) as expressed by the above 
equation (12) had been checked experimentally, the result of which is shown in Fig. 20. In this Fig. 20, 
measured data for the error AP in cases of using the optical power level P p of the pumping light supplied to 

io the erbium doped fiber 99 equal to 10 mW (triangular marks), 20 mW (circular marks), and 30 mW 
(rectangular marks) are plotted along with theoretical values indicated by curves T1 (P p = 10 mW), T2 (P p 
= 20 mW), and T3 (P P = 30 mW), where the values of the error AP are normalized with respect to the 
maximum value such that the maximum value corresponds to 0 dB. As can be seen in Fig. 20, the above 
equation (12) is valid for a wide range of the values for the gain G": 

is Moreover, the approximated noise figure P apr obtained by the above equation (13) varies according to 
the input signal optical power as shown in Fig. 21, for the optical power of the pumping light P p = 10 mW, 
20 mW, and 30 mW, while the difference AF between this approximate noise figure P apr and the noise 
figure P obtained according to the above equation (1) varies according to the input signal optical power as 
shown in Fig. 22, for the optical power of the pumping light P p = 10 mW, 20 mW, and 30 mW. It can be 

20 seen in Fig. 22 that the difference AF takes a small value within a range of -0.06 dB to +0.03 dB, which 
implies the high accuracy over a wide operational range of the optical amplifier 95. 

In addition, the accuracy of the approximated noise figure P apr obtained by the above equation (17) had 
been checked experimentally, by measuring the noise figures for the optical power of the pumping light P p 
= 10 mW (triangular marks), 20 mW (circular marks), and 30 mW (rectangular marks) as shown in Fig. 

25 23C, in comparison with the accurate values obtained by using the known method described by J. Aspell et 
al. in "Optical Fiber Communication Conference Technical Digest", pp. 189-190, 1992, which is shown in 
Fig. 23A, and the values obtained by using the conventional apparatus of Fig. 5 described above, which is 
shown in Fig. 23B. Here, the result shown in Fig. 23C had been obtained by using the values of the 
constant coefficients a and /S (a = 89.453 dB, /S = 0.22266 dB/nA) determined by the least mean square 

30 method applied to a case of the optical power for the pumping light P p = 20 mW, the measured value of 
the generated ASE optical power 

Paseiti" (^c2) — -57.2 dBm. to -42.1 dBm, and the measured value of the 
photoelectric current l ph = 120 nA to 198 nA. As can be seen in these Figs. 23A, 23B, and 23C, the 
difference between the accurate values of Fig. 23A and the approximated value of Fig. 23C according to the 
above equation (17) is in a range of -0.06 dB to +0.07 dB, which is comparatively smaller than the 
35 difference between the accurate value of Fig. 23A and the conventional value of Fig. 23B which is in a 
range of -0.7 dB to + 0.6 dB. 

Furthermore, the stability of the approximated noise figure P apr obtained by the above equation (17) 
had been checked experimentally by conducting the measurement under the identical condition during 
eight hours period, during which the measured value varied within a small range of ±0.03 dB, which implies 
40 the significant stability of the method of this second embodiment. 

Thus, according to this second embodiment, it becomes possible to provide a method and an apparatus 
for monitoring the noise figures of the optical amplifiers, capable of simplifying the calculations required in 
obtaining the noise figures, while improving the accuracy of the calculated noise figures. 

In particular, in this second embodiment, the variation of the error AP with respect to the variation of the 
45 gain G* due to the saturation characteristic of the gain G" characteristic to the optical amplifier and the 
variation of the ASE optical power with respect to the variation of the gain G* is approximated by a straight 
line as indicated in Fig. 9, and the approximate noise figure P A se is calculated by using the measured 
values of the gain G* and the ASE optical power P* ASE in terms of simple arithmetic calculations, so that the 
calculational processing required in obtaining the noise figure is considerably simplified as it calls for no 
so complicated functional calculation. 

In addition; the approximated noise figure so obtained is much more accurate than the noise figure 
obtained by the conventional apparatus by ignoring the variation of the err6r : AP.- i! 

In other words, in this second embodiment, the accuracy in the calculation is improved by suppressing 
the variation of the rror AP with respect to the variation of the gain G", so ! that it becom s possible to set 
55 up the selective transmittivity of the optical filters* 106v and 1 062 very ■ sharply compared with the 
conventional apparatus, while also - the sizes of "the hardware and : software' required" for obtaining the 
Approximated noise figure can be reduced dbrisider&bly. ; 
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Referring now to Fig. 24, one modified configuration for the above described second embodiment will 
b described in detail. 

This configuration of Fig. 24 differs from that of Fig. 19 in that the laser diode 91 in Fig. 19 is replaced 
by a distribution feedback type las r diode 60 for generating the laser beam with the wavelength equal to 

5 1.300 urn, the optical amplifier (EDFA) 93 in Fig. 19 is replaced by a semiconductor laser amplifier (SLA) 
61. the optical amplifier 95 in Fig. 19 is replaced by an optical amplifier 95' in which the fiber coupler 98 
and the erbium doped fiber 99 in Fig. 19 are replaced by a semiconductor laser amplifier (SLA) 62 and the 
laser diode 100 in Fig. 19 is replaced by a current driving circuit 63, and the noise figure measurement unit 
96 in Fig. 19 is replaced by a noise figure measurement unit 96' in which the optical filter 101 in Fig. 19 is 

10 removed. 

Also, in correspondence to the wavelength 1 .300 urn of the laser beam generated by the laser diode 
60, the photo-diode 102i having a light receiving region diameter equal to 1 mm, the optical filter 106i 
having a transmission half bandwidth equal to 3 nm, and the optical filter IO62 having a transmission half 
bandwidth equal to 2 nm and a central transmission wavelength Xc2 equal to 1 .285 urn are used. In 
15 addition, the semiconductor laser amplifier 62 has the unsaturated gain of 25 dB when the driving current 
supplied from the current driving circuit 63 is equal to .100 mA. The rest of this configuration of Fig. 24 is 
substantially identical to that of Fig. 19. 

The approximated noise figure F apr , obtained, in this configuration of Fig. 24 is plotted as a curve D1 
(dashed line) in Fig. 25, in contrast to the accurate value plotted as a curve D2 (thin slid line) and the value 
20 obtained by using the above equation (9) plotted as a curve D3 (bold, solid line). It can be seen in Fig. 25 
that the difference between the curves D1 and D2 is within a range of -0.1 dB to +0.1 dB, which is 
significantly narrower than a range of -0,6 dB to + 0.4 dB within which the difference between the curves D2 
, and D3 lies. : -•. 

Thus, in this modified configuration of Fig. 24, it also becomes possible to provide a method and an 
25 apparatus for monitoring the noise figures in the optical amplifiers, capable of simplifying the calculations 
required in obtaining the noise figures, while improving the accuracy of the calculated noise figures. 

Referring now to Fig. 26, another modified configuration for the above described second embodiment 
will be described in detail. 

This configuration of Fig. 26 differs' from that of Fig. 19 in that the optical amplifier 95 in Fig. 19 is 

30 replaced by an optical amplifier 95" in which a fiber coupler 81 is provided on an output side of the erbium 
doped fiber 99 and a photo-diode 82 optically coupled with the laser diode 100 is provided in addition, while 
the noise figure measurement unit 96 in Fig. 19 is replaced by a noise figure measurement unit 96" in 
which the optical filter 101in Fig. 19 is removed, the photo-diode 102) receives the pumping light split by 
the fiber coupler 81 , and the output of the photo-diode 102i is supplied to the analog processing circuit 111 

35 of the noise figure calculation unit 112 along with the output of the photo-diode 82 of the optical amplifi r 
95". The rest of this configuration of Fig. 26 is substantially identical to that of Fig. 19. 

In this configuration of Fig. 26, only the manner of obtaining the gain G* of the erbium doped fiber 99 is 
different from that used in the configuration of Fig. 19, while the manner of obtaining the approximated 
noise figure by using the obtained gain is identical to that used in the configuration of Fig. 19. 

40 Namely, in this configuration of Fig. 26, the photordiode 82 detects the optical power of the pumping 
light generated by the laser diode 100, while the photo-diode 102t detects the optical power of the pumping 
light transmitted through the erbium doped fiber 99 through the fiber coupler 81. Then, the noise figure 
calculation unit 112 calculates the loss in dB unit L p " 'of the pumping light in the erbium doped fiber 99 from 
a difference between the photoelectric currents outputted from the photo-diodes 82 and 102i, and obtains 

45 the gain G* using the following equation (18), which is described in detail in Japanese Patent Application 
Laid Open No. 5-206555 (1993). 

G" = e + f«L p * (18) 

50 where e and f are constants. 

In this manner, in this modified, configuration of Fig. 26, the approximated noise figure P apr can be 
obtained at the same accuracy and reproducibility as in the configuration of Fig. 19 described above. 

It is to be not8d here that, in the above equation (14), the values of the coefficients and the constant 
terms are determined by substituting a plurality of sets of the known values for the other terms, but these 
55 values may be determined by the other method such as the least mean square method. 

Also, in the above equation (13), the difference function Func(G). has been ignored, but this term may 
be retained in order to account for the terms of the higher degrees in G, provided that it is readily possible 
to approximate this term by some simpl arithm tic calculations and the coefficients and the constants 
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required in such an approximation can readily be obtained in advance. 

It is further to be noted that, besides those already mentioned above, many modifications and variations 
of the above embodiments may b made without departing from the novel and advantageous features of 
the present invention. Accordingly, all such modifications and variations are intended to be included within 
5 the scope of the appended claims. 

Claims 

1. An apparatus for monitoring a noise figure of a linear repeater including at least one optical amplifier for 
10 amplifying input signal light and at least one narrow bandwidth optical filter for removing amplified 

spontaneous emission (ASE) light generated at the optical amplifier, the apparatus comprising: 
gain detector means for detecting a gain of the optical amplifier; 

ASE optical power detector means for detecting an optical power of the ASE light generated at the 
optical amplifier, including: 
is- splitter means for splitting lights entering into the narrow bandwidth optical filter; 

optical filter means having a central transmission wavelength displaced from a wavelength of the 
input signal light, for extracting the ASE light generated at the optical amplifier from the lights split by 
the splitter means; and 

optical power detection means for detecting the optical power of the ASE light extracted by the 
20 optical filter means; and 

noise figure calculation means for calculating the noise figure according to the gain detected by the 
gain detector means and the optical power of the ASE light detected by the ASE optical power detector 
means. / 

25 2. The apparatus of claim 1, wherein the noise figure calculation means calculates the noise figure by 
approximating the optical power of the ASE light generated by the optical amplifier at an output side of 
the linear repeater in a vicinity of the wavelength of the input signal light by the optical power of the 
ASE light generated by the optical amplifier detected by the optical power detection means in a vicinity 
of the central transmission wavelength of the optical filter means. 

30 

3. The apparatus of claim 1, wherein the noise figure calculation means calculates the noise figure by 
approximating the gain of the linear repeater by the gain of the optical amplifier detected by the gain 
detector means. 



35 4. The apparatus of claim 1, wherein the gain detector means further comprises: 
first splitter means for splitting lights entering into the optical amplifier; 

first optical power detection means for detecting an optical power of the lights split by the first 
splitter means; 

second splitter means for splitting lights outputted from the optical amplifier; 
40 narrow bandwidth optical filter means having a central transmission wavelength equal to the 

wavelength of the input signal light, for extracting signal light from the lights split by the second splitter 
means; and 

second optical power detection means for detecting an optical power of the signal light extracted 
by the narrow bandwidth optical filter means. 

45 

5. The apparatus of claim 4, wherein the second splitter means of the gain detector means and the splitter 
means of the ASE optical power detector means are provided by a single common splitter, and the 
gain detector means further comprises third splitter means for splitting the lights split by the single 
common splitter into the lights to be supplied to the narrow bandwidth optical filter means of the gain 

so detector means and the lights to be supplied to the optical filter means of the ASE optical power 

' detector means. . ;. 

6. The apparatus of claim 1, wherein in a case the linear repeater contains more than one optical 
amplifiers, the gain detector means detects a collective gain of those Optical amplifiers located on an 

55 input side of the narrow bandwidth optical filter closest to an input side of the linear repeater. 

7. The apparatus of claim 1, wherein in a case the linear repeater contains more than one narrow 
bandwidth optical filters, the splitter means of the ASE optical power detector means splits the lights 



18 



EP0 594 178 A1 



entering into one of said more than one narrow bandwidth optical filters closest to an input side of the 
linear repeater. 

a An apparatus for monitoring a noise figurefbfa linear rep ater including at least one optical amplifier for 
5 amplifying input signal light and a; narrow ^bandwidth optical filter for removing amplified spontaneous 

emission (ASE) light generated-at the optical amplifier, fhe apparatus comprising: 
gain detector means for detecting a gain of the optical amplifier; 

ASE optical power detector means for detecting an optical power of the ASE light generated at the 
optical amplifier, including: 
10 splitter means for splitting lights entering into the narrow bandwidth optical filter; 

local oscillator means for generating local light having a wavelength displaced from a wavelength of 
the input signal light; 

coupler means for coupling the lights split by the.splitter means with the local light generated by 
the local oscillator means; 

'5 optical power detection means for making a heterodyne detection of the optical power of the lights 

coupled by the coupler means; and 

electrical band-pass filter means for extracting the optical power of the ASE light generated at th 
optical amplifier from the optical power obtained by the optical power detection means; and 

noise figure calculation means for calculating the noise figure according to the gain detected by the 
20 gain detector means and the optical power of the ASE light detected by the ASE optical power detector 
means. 

9. A method for monitoring a noise figure of a linear repeater including at least one optical amplifier for 
amplifying input signal light and at least one narrow bandwidth optical filter for removing amplified 

25 spontaneous emission (ASE) light generated at the optical amplifier, the method comprising the steps 

of: 

(a) detecting a gain of the optical amplifier; 

(b) detecting an optical power of the ASE light generated at the optical amplifier in a vicinity of a 
central transmission wavelength displaced from a wavelength of the input signal light; and 

so (c) calculating the noise figure according to the gain detected at the step (a) and the optical power of 

the ASE light detected at the step (b), by approximating the optical power of the ASE light generated 
by the optical amplifier at an output side~pf the linear repeater in a vicinity of the wavelength of th 
input signal light by the optical power of the ASE light generated by the optical amplifier detected at 
the step (b) in a vicinity of the central-transmission wavelength. 

35 

10. The method of claim 9, wherein at the step (c), the noise figure is calculated by approximating the gain 
of the linear repeater by the gain of the optical amplifier detected at the step (a). 

11. The method of claim 9, wherein in a case the linear repeater contains more than one optical amplifiers, 
ao the step (a) detects a collective gain of those optical amplifiers located on an input side of the narrow 

bandwidth optical filter closest to an input side of the linear repeater. 

12. The method of claim 9, wherein in a case the linear repeater contains more than one narrow bandwidth 
optical filters, the step (b) detects the optical power of the ASE light generated at the optical amplifier 

45 located immediately in front of one of said more than one narrow bandwidth optical filters closest to an 

input side of the linear repeater. 

13. A method of monitoring a noise figure for an optical amplifier for amplifying input signal light, 
comprising the steps of: 

so (a) measuring a gain G* in dB unit of the optical amplifier; 

(b) measuring an optical power P A se* in dB unit of an amplified spontaneous emission (ASE) light 
generated by the optical amplifier at a wavelength Xc2 displaced from a wavelength Xs of the input 
signal light; and 

(c) calculating an approximate noise figure P apr in dB unit by substituting the gain G* measured at 
55 the step (a) and ths optical power P* AS e measured at the step (b) into an equation: 

Pap, « Pase" (Xc2) + Ka - K3 « G* 
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where K2 and K3 are constant coefficients. 

14. The method of claim 13, further comprising the step of determining values of the constant coefficients 
Kz and K3 from known sets of the noise figures, the gain, and the optical power of the ASE light, before 

5 the step (c). - 

15. The method of claim 13, wherein the step (a) obtains the gain G* in dB unit of the optical amplifier from 
photoelectric current outputted from a photo-diode in correspondence to the ASE light outputted by the 
optical amplifier. 

10 

16. The method of claim 13, wherein the optical amplifier is an erbium doped fiber amplifier having an 
erbium doped fiber pumped by pumping light, and the step (a) obtains the gain G" in dB unit of the 
optical amplifier from a loss of the pumping light in the erbium doped fiber. 

75 17. An apparatus for monitoring a noise figure for an optical amplifier for amplifying input signal light, 
comprising: 

gain detector means for measuring a gain G* in dB unit of the optical amplifier; 

ASE optical power detector means for measuring an optical power Pase* in dB unit of an amplified 
spontaneous emission. (ASE) light generated by the optical amplifier at a wavelength Xc2 displaced 
20 from a wavelength \s of the input signal light; 

processing means for calculating an approximate noise figure P apr in dB unit by substituting the 
gain G* measured by the gain detector means and the optical power P'ase measured by the ASE 
optical power detector means into an equation! \ <J • 

25 P ap r « Pase" (Xc2) + K? - K3 -G" 

where K2 and K3 are constant coefficients determined in advance from known sets of the noise figures, 
the gain, -and the optical power of the ASE light. .•■>>> < y 

30 18. The apparatus of claim -17, wherein the processing means comprises an analog processing circuit for 
executing arithmetic calculations involved in the equation. 

19. The apparatus of claim 17, wherein the gain detector means includes a photo-diode for deceiving 
spontaneous emission light outputted by the optical amplifier and outputting corresponding photoelec- 

35 triC current indicative of the gain G* in dB unit of the optical amplifier. 

20. The apparatus of claim 17, wherein the optical amplifier is an erbium doped fiber amplifier having an 
erbium doped fiber pumped by pumping light, and the gain detector means includes photo-diodes for 
measuring a loss of the pumping light in the erbium doped fiber indicative of the gain G* in dB unit of 

40 the optical amplifier. 
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